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1. HTK#XSE. This advisory circular sets forth an acceptable, but  m t  the cnly, 
means of showing ampliance with the provisions of Federal Aviation Regulations 
(FAR),  Parts 23, 25, 27, and 29 regarding airworthiness type certification 
requirements for cmps i t e  aircraft structures, involving fiber reinforced 
materials, e.g., c a m  (graphite), boron, aramid (Kevlar), and glass reinforced 
plastics. Guidance information is also presented on associated quality aontral 
and repair aspects. 

2. CZWCELLJQION. ?C 20-107, -site Aircraft Structure dated July 10, 1978, ' 

is canceled. 

3. REGULX'ICNS M T W I E D .  The mterial  contained herein applies to m m l ,  
u t i l i t y ,  acrcbatic, and transport category aircraft type certificated under 
Civil Aviatlon Regulations (CARS) 3, 4b, 6 ,  7; and FARs 23, 25, 27, 29; and 
produced i n  corrpliance w i t h  FAR Part 21, sections 21.125, or 21.143 as may be 
awropriate. The individual FARs applicable to each paragraph are listed in 
Appendix 1 of this advisory circular. 

a. The procedures cutlined in this ahrisory circular provide guidance 
material for mqosi te  structures and are a s ide red  acceptable to the FAA for 
shming compliance w i t h  er t i f icat ion requirements of civil composite aircraft. 
This  circular is published to aid in the evaluation of certification programs 
for amps i t e  applications and reflects the current status of mnposite 
technology. It is expected that this circular w i l l  be lrodified periodically to 
reflect technology advances. The information mntained herein is for guidance 
purposes and is not mndatory mr regulatory i n  nature. 

b. The extent of testing and/or analysis and the ekgree of envirorkntal 
accountability required w i l l  differ for each structure depending upon the 
expected service usage, the mterial  selected, the design mrgins, the failure 
criteria, the data base and experience w i t h  similar structures, and an other 
factors affecting a particular structure. It is expected that these factors 
w i l l  be amsidered when interpreting this advisory circular for use an a 
specific application. 

c. Pertinent definitions are given in EIppendix 2. 



5. MWERIAL AND FABRICMION DI;NEI.IL)PMENT. To provide an adequate design data  
base, environmental e f f e c t s  on the design proper t ies  of the m t e r i a l  system 
should be established.  

a .  Environmental design c r i t e r i a  should be developed t h a t  ident i fy  the  mst 
critical environmental exposures, including humidity and temperature, to which 
t h e  m t e r i a l  in the  appl ica t ion  under evaluat ion may be exposed. This  is mt 
required where ex i s t ing  data  demonstrate t h a t  no s ign i f i can t  environmental 
e f f e c t s ,  including the  e f f e c t s  af temperature and m i s t u r e ,  e x i s t  f o r  the  
ma te r i a l  system and construction d e t a i l s ,  within the bounds of environmental 
exposure being considered. Experimental evidence 'should be provided to 
demonstrate t h a t  the material  design values o r  allowables are  a t t a in& with a 
high degree of confidence in the appropriate c r i t i c a l  environmental e x p s u r e s  to 
be expected in  service. The e f f e c t  of the service  environment on s t a t i c  
s t r e n g t h ,  f a t igue  and s t i f f n e s s  proper t ies  should be determined f o r  the material  
system through tests; e.g., accelerated e n v i r o m n t a l  tests, o r  from applicable 
service data.  The e f f e c t s  of environmental cycling (i.e. , moisture and 
temperature) should be evaluated. Exist ing test data  m y  be used where it can 
be shown d i r e c t l y  applicable t o  the  m t e r i a l  system. 

b. The m t e r i a l  system design values o r  allowables should be established an 
t h e  laminate level  by e i t h e r  test of the laminate or  by test of the lamina in  
conjunction with a test val idat& ana ly t i ca l  m t h d .  

c. For a s p e c i f i c  s t r u c t u r a l  configuration of an individual component 
( p o i n t  des ign) ,  design values my be established which include the e f f e c t s  of 
appropriate design fea tures  (holes,  j o i n t s ,  e t c . ) .  

d .  Impact damage is generally a c m m d a t e d  by l imi t ing  the design s t r a i n  
l e v e l .  

6. PKOF OF STRUCTURE - STIYTIC. The s t a t i c  s trength of the ccmposite design 
should be demonstrated throuqh a proqram of m n e n t  ultimate load tests in  the - - 
appropr ia te  environment, unless experience with-similar  designs, material  
systems and loadings is avai lable  to d a m s t r a t e  the adequacy of the analys is  
supported by subcoqmnent tests, or limit load c30mponent tests. 

a .  The e f f e c t s  of repeated loading and environmental exposure which m y  
r e s u l t  in material  property degradation should be addressed in the static 
s t r e n g t h  evaluation. This  can be shown by analysis  supported by test evidence, 
by tests a t  the  coupon, element or subcorrponent level ,  or a l t e rna t ive ly  by 
re levant  ex i s t ing  data. 

b. . S t a t i c  s t rength  s t r u c t u r a l  subs tant ia t ion  tests should be mnducted on 
new s t r u c t u r e  unless the  c r i t i c a l  load conditions are associated with s t ruc tu re  
t h a t  has k e n  subjected to a repeated loading and environmental exposure. In  
t h i s  case e i t h e r  ( 1 )  t he  s t a t i c  test should be mnducted on s t ruc tu re  with p r i o r  
repeated loading and e n v i r o m n t a l  exposure, o r  ( 2 )  coupon/element/subcomponent 
test data  should be provided t o  assess the p s s i b l e  degradation of s t a t i c  
s t r eng th  a f t e r  appl ica t ion  of repeated loading and environmental exposure, and 
t h i s  degradation accounted fo r  in the s t a t i c  test o r  in the analysis  of the 
r e s u l t s  of the s t a t i c  test of the n e w  s t ruc ture .  
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c. The component static test m y  be performed in an anbient atnmsphere if 
the effects of the enviromnt are reliably predicted by subcomponent and/or 
coupon tests and are accounted for in the static test or in the analysis of the 
results of the static test. 

d. The static test articles should be fabricated and assembled in 
accordance with production specifications and processes so that the test 
art ides are representative of production structure. 

e. When the material and processing variability of the mnpsite structure 
is greater than the variability of current mtallic structures, the difference 
should be considered in the static strength substantiation (1) by deriving 
proper allwables or design values for use in the analysis, and the analysis of 
the results of supporting tests, or (2) by accounting for it in the static test 
when static proof of structure is accomplished by conponent test. 

f. Caposite structures that have high static margins of safety (e.g., some 
rotorblades) m y  be substantiated by analysis supported by subccmponent, 
element, and/or mupm testing. 

g. It should be shown that @act damage that can be realistically expected 
from mnufacturing and service, but rot mre than the established threshold of 
detectability for the selected inspection procedure, will m t  reduce the 
structural strength below ultimate load capability. This can be shown by 
analysis supported by test evidence, or by tests at the coupon, element or 
subcomponent level. 

7. PIiDOF OF SlXCNRE - F I Y T I G U E / D M  TOLERANCE. The evaluation of composite 
struxure shculd be based on the applicable requirements of FAR 23.571, 23.572, 
25.571, 27.571, and 29.571. The nature and extent of analysis or tests on 
ccrrplete structures and/or prtions of the primary st~cture will depend upon 
applicable previous fatigue/dmge tolerant designs, construction, tests, and 
service experience on similar structures. In the absence of experience with 
similar designs, FAA-amroved structural developnent tests of corrponents, 
subcanponents, and elements shouid be performid. The following considerations 
are unique to the use of ampsite rrraterial systems and should be observed for 
the rrethod of substantiation selected by the applicant. When selecting the 
damage tolerance or safe life approach, attention should be given to geanetry, 
inspectability, g d  design practice, and the type of damage/degradation of the 
structure under consideration. 

Damage Tolerance (Fail-safe) Evaluation. 

(1 ) Structural details, elements, and subccnponents of critical 
structural areas should be tested under repeated loads to define the sensitivity 
of the structure to damage growth. This testing can form the basis for 
validating a -row# approach to the damage tolerance requirements. The 
testing should assess the effect of the environment on the flaw grcwth 
characteristics and the rmqrowth validation. The environment used should be 
appropriate to the expected service usage. The repeated loading should be 
representative of anticipated service usage. The repeated load testing should 

Par 6 



inc lude  damage l e v e l s  ( inc luding  impact damage) t y p i c a l  of those t h a t  m y  cccur 
du r ing  f a b r i c a t i o n ,  assembly, and in-service, cons i s t en t  with the inspect ion 
techniques  employed. The damage to le rance  test articles should be fabr ica ted  
and assembled i n  accordance with production s p e c i f i c a t i o n s  and processes so t h a t  
t h e  test articles are representa t ive  of production s t ruc tu re .  

( 2 )  The ex ten t  of i n i t i a l l y  de t ec t ab le  damage should be es tab l i shed  and 
be m n s i s t e n t  w i t h  the  inspect ion techniques employed during manufacture and 
i n  service. Flaw/damage growth da t a  should be obtained by repeated load cycl ing 
o f  i n t r i n s i c  flaws or w c h a n i c a l l y  introduced damage. The n m k r  of cycles  
app l i ed  to v a l i d a t e  a no-grmth concept should te s t a t i s t i c a l l y  s i g n i f i c a n t ,  and 

- may k e  determined by laad and/or l i f e  considerat ions.  The growth o r  rm growth 
eva lua t ion  should be performed by analysis supported by test evidence o r  by 
tests at  t h e  coupon, element, o r  suDcOmpOnent leve l .  

- 
( 3 )  The ex ten t  of damage f o r  r e s idua l  s t r eng th  assessments should be 

es t ab l i shed .  Residual s t r eng th  evaluat ion by mmponent o r  subcaponent  t e s t i n g  
or by a n a l y s i s  supported by t e s t  evidence should be performed considering t h a t  
damge.  The eva lua t ion  should demonstrate t h a t  the r e s idua l  s t rength  of the 
s t r u c t u r e  is equal t o  o r  greater than the s t r eng th  required f o r  the spec i f ied  
des ign  loads  (considered as u l t imate) .  I t  should be shown t h a t  s t i f f n e s s  
p r o p e r t i e s  have not d a n g e d  beyond acceptable  l eve l s .  For the  m-growth concept 
r e s i d u a l  s t r e n g t h  t e s t i n q  should ke performed after repeated load cycling. 

( 4 )  An inspect ion program should be developed cons is t ing  of frequency, 
e x t e n t ,  and rrethods of inspect ion f o r  inclusion in  the  rraintenance plan. I 
In spec t ion  i n t e r v a l s  should be es tab l i shed  such t h a t  the damage w i l l  be detec ted  
between the time it i n i t i a l l y  becomes de t ec t ab le  and the  time a t  which the  
e x t e n t  of damage r5aches the l i m i t s  f o r  required res idua l  s t rength  capabi l i ty .  
For the case of m r c r w t h  design concept, inspect ion i n t e r v a l s  should be 
e s t a b l i s h e d  as part of the mintmarace program. I n  s e l ec t ing  such i n t e r v a l s  the  
r e s i d u a l  s t r e n g t h  l eve l  assoc ia ted  with +& assumed damages should k 
considered. - 

(5) The s t r u c t u r e  should be able  to withstand s t a t i c  loads (considered 
t imat?  loads)  which a r e  reasonably expected during a a n p l e t i o n  of the - 

LS : " m i c h  damage r e s a l t i n g  from obvious d i s c r e t e  sources occur (i.e., 
m n t a l n e d  engine f a i l u r e s ,  etc.). The ex ten t  of damage should be based on a 
t i o n a l  assessment of s e rv i ce  mission and p o t e n t i a l  damage r e l a t i n g  to each 
xrete source. 

( 6 )  The e f f e c t s  of temperature, humidity, and o the r  environmental 
f a c t o r s  hi& may r e s u l t  in mater ia l  property degradation should k addressed in  
t h e  damage to le rance  evaluat ion.  

b. Fat igue (Safe-Life) Evaluation. Fat igue subs t an t i a t i on  should be 
accorrplished by cwnponent f a t i g u e  tests or by ana lys i s  supported by test 
~ v i d e n c e ,  accounting f o r  the e f f e c t s  of the appropriate  environment. The t e s t  
srticles should be fabr ica ted  and assembled in accordance w i t h  production 
;pec i f i ca t ions  and processes so t h a t  the test a r t i c l e s  a r e  representa t ive  of 
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production s t ruc tu re .  Suf f i c i en t  cwrponent, s u b m p n e n t ,  element o r  coupon 
tests should be performed to es tab l i sh  the f a t igue  s c a t t e r  and the environrmntal 
e f f e c t s .  Canponent, subcanponent, and/or element tests may be used to evaluate 
t h e  f a t igue  response of s t ruc tu re  with inpact damage l eve l s  typica l  of those 
t h a t  m y  occur during fabr ica t ion ,  assembly, and in  service,  cons is tent  with the 
inspection procedures q l o y e d .  The ccnpanent f a t igue  test m y  be prrformed 
with  an as-manufactured test a r t i c l e  i f  the e f f e c t s  of inpact damage are 
r e l i a b l y  predicted by subconponent and/or element tests and are accounted fo r  in 
t h e  f a t igue  test or i n  analys is  of the r e s u l t s  of the  fa t igue  test. It should 
be demonstrated during the f a t igue  tests t h a t  the s t i f f n e s s  proper t ies  have mt 
changed beyond acceptable levels .  Replacement l i v e s  should be established based 
on the test resu l t s .  An appropriate inspection program should be provided. 

8. . PIGOF OF SPRClCZVRE - FLUITER. The e f f e c t s  of repeated loading and 
environmental exposure on s t i f f n e s s ,  mass and damping proper t ies  should be 
considered in the ve r i f i ca t ion  of i n t e g r i t y  against  f l u t t e r  and other  
a e r o e l a s t i c  mechanism. These e f f e c t s  may be determined by analys is  supported 
by test evidence, or by tests a t  the  coupon, element o r  s u b c a p n e n t  level .  

a.  Impact Dynamics. The present  approach in  airframe design is to assure 
t h a t  occupants have every reasonable d a n c e  of escaping ser ious  injury under 
r e a l i s t i c  and survivable impact conditions. Evaluation may be ty test or by 
ana lys i s  supported by test evidence. T e s t  evidence includes but is not l imited 
to  element o r  subcorrponent tests and service experience. Analytical comparison 
to  mnventional s t ruc tu re  m y  be used where s h m  to be applicable. 

( 1 ) The exis t ing  requirements fo r  f lamnabil i ty and f i r e  protect ion of 
a i r c r a f t  s t ruc tu re  attempt to minimize the hazard to the  occupants in  the event 
ign i t ion  of flarranable f l u i d s  or vapors occur. I n  addit ion,  components exposed 
t o  heat ,  flames or sparks should withstand these e f fec t s .  The use of cxxnposite 
s t r u c t u r e  should not decrease t h i s  exis t ing  l eve l  of safety.  Compliance may be 
shown by analys is  supported by t e s t  evidence t h a t  a i r c r a f t  i n t e r i o r  material  
subjected to these hazards can withstand f i r e  and heat  as required in FAR 25. 

( 2 )  Cer ta in  a i r c r a f t  s t ruc tu re  is required to be f i r e  r e s i s t an t .  The 
following test is considered acceptable f o r  h n s t r a t i n g  ampliance f o r  
a i r c r a f t  ex te r io r  s t ruc tu re  and engine cmpartment materials  t h a t  a re  to be f i r e  
resistant. A canparison test should be made between the specimen and an 
aluminum a l loy  sheet  of the thickness normally used f o r  the  intended 
i n s t a l l a t i o n .  The s t ruc tu re  and materials  should be tes ted  by subject ing a 
specimen sheet  24 inches by 24 inches positioned perpendicular to a 2000' F plus 
or minus 150" F flame produced by a modified o i l  burner consuming two gallons of 
kerosene per  hour. The burner should be positioned so tha t  the time required 
f o r  the  flame to penetrate the aluminum al loy  sanple w u l d  be approximately f ive  
minutes. The t e s t  specimen should be p s i t i o n e d  a t  the same distance £ran the 
burner flame as the  aluminum al loy  sheet.  The specimen w i l l  be mnsidered 
s a t i s f a c t o r y  i f  it resists flame penetrat ion fo r  a tim period equal to o r  
g r e a t e r  than the aluminum al loy  sheet.  
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c. Lightning Protect ion. 

(1) ~ o m e  ccgllposites are susceptible to lightning damage, and do m t  
dissipate P-static electrical cfiarges or provide electromagnetic shielding. 
Therefore it should be demnstrated by analysis supported by test evidence that 
the structure can dissipate P-static electrical cfiarges, provides 
electromagnetic protection where required and provides an acceptable mans of 
diverting the resulting electrical current (as a result of a lightning strike) 
so as m t  to endanger the aircraft. 

(2) Consideration should be given possible deterioration and undetected 
damage to the lightning protection system. 

d. Protection of Structure. Weathering, abrasion, erosion, ultraviolet 
radiation, and chemical enviromnt (glycol, hydraul ic fluid, fuel, cleaning 
agents, etc.) m y  cause deterioration in a m p s i t e  structure. Suitable 
protection against and/or consideration of degradation in mterial properties 
should be provided for and demonstrated by test. 

e. Quality Control. The werall plan required by the certifying agency 
should involve all relevant disciplines, i.e., engineering, manufacturing and 
quality control. This quality mntrol plan should be responsive to special 
engineering requirements that arise in individual parts or areas as a result of 
potential failure d e s ,  damage tolerance and flaw growth requirements, 
loadings, inspectability, and local sensitivities to mnufacture and assembly. 

f. Production Specifications. Specifications covering mterial, material 
processing, and fabrication procedures should be developed to ensure a basis for 
fabricating reproducible and reliable structure. The discrepancies permitted by 
the specifications should be substantiated by analysis supported by test 
evidence, or tests at the coupon, element or subcomponent level. 

g. Inspection and Maintenance. Maintenance manuals developed by 
manufacturers should include appropriate inspection, maintenance and repair 
procedures for cwnposite structures. 

h. Substantiation of Repair. When repair procedures are provided in FAA 
approved documents or the mintenance manual, it should be demstrated by 
analysis and/or test that mthcds and techniques of repair will restore the 
structure to airworthy condition. A" 

M. C. Beard 
Director of Airworthiness 
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Appendix 1 

APPENDIX 1 . APPLICABLE FARs AND RELATED AWISOW CIRCULAlZS 

Text Paragraphs FAR 23 FAR 25 FAR 27 FAR 29 

PURFOSE Not Applicable 

C A N C E W O N  Not Applicable 

Not AppLicable 

GENERAL Not Ppplicable 

PIXIOF OF - STATIC ,305 .305 .305 ,305 

.307(a) .307(a) .307(a) .307(a) 

ADDITIONAL CCNS IDERA!I'IONS 

a. Impact Dynamics .561 .561 

.601 .601 

.785 .721 

-783(c) (g) 

.787(e) .785 

.807(b)(4) .787(a)(b) 

.967(e) .789 

.80 1 

.809 

,963 (d) 



AC 20-107A 
Appendix 1 

APPENDIX 1. APPLICABLE FARs AND RELATED AWISORY CIRCULARS 

T e x t  Paragraphs FAR 23 FAR 25 FAR 27 FAR 29 

ADDITIONAL, CONSIDERW'IOUS 

a. Impact Dynamics (contld) 

* .I41 3 .809 

.963 (b) 

.967(f) 

.609(a) .609(a) .609(a) .609(a) 

.787(d) .853 .853 .853 

.853 ,855 .855 .855 

.859 .859 .859 .859 

.865 .863 .86 1 .861 

.I121 (c) .865 .I183 .863 

.I182 .867 .I185 .903(c) 

.I183 .903(c) .I191 .967(e) 

.1189(b) ( 2 )  .967(e) .1 l93(d) (e) 

.I191 .1121(c) .I194 .1013(e) 

.1193(c)(d)(e) .I181 .I121 (c) 

.I182 .I183 

.I183 .I185 

.I185 . 1  189(a) ( 2 )  

.1189(a)(2) .I191 

.I191 .1193(c)(d)(e) 

.1193(c)(d)(e) .I194 

*Speciai Conditions have been issued in the past  on wide body airplanes 
concerning emergency wheels up landing. 



AC 20-107A 
Appendix i 

APPENDIX 1. APPLICABLE FARs PND R E m D  AIXrlSORY C I I C u L M S  

Text Paragraphs FAR 23 FAR 35 FAR 27 FAR 29 

ADDITIONAL aNsImIm 

c. Lightning Protection .609 .581 ' -609 -609 

d. Protection of Structure .609 .609 .609 .609 

e. Quality Control ** ** ** ** 

f. Production Specifications 
,603 .603 .603 -603 

** A new Wvisory Circular on Quality Control for Capsites is under 
developnent. 





APPENDIX 2. DEFINITIONS 

AC 2 0 - 1 0 7 A  

Appendix 2 

Desiqn values - mater ia l ,  s t r u c t u r a l  element, and s t ruc tu ra l  d e t a i l  prcpert ies 
t h a t  have k e n  determined f r m  test data and cfiosen to  assure a high degree 
of confidence in the in teg r i ty  of the completed s t ruc tu re  [ r e fe reme  FAR 
25.613(b)l. 

Allawables - mater ia l  values t h a t  are determined f r a n  test data a t  the laminate 
or lamina level  on a probabil i ty bas is ,  e .go, A or 9 base values [reference 
FAR 25.615(a)1. 

Laminate level desiqn values or allawables - established from multi-ply laminate 
test data and/or f r m  test data  a t  the lamina level  and then established a t  
the laminate level by test Validated ana ly t i ca l  methods, 

Lamina l e v e l  material  propert ies  - es tabl ished f ran  test data for  a s ing le  ply 
o r  rmlti-ply single-direc t ion oriented lamina layup. 

Point  design - an element or  d e t a i l  of a spec i f i c  design which is not amsidered 
gener ica l ly  applicable to other  s t ruc tu re  f o r  the p u p e  of s b s t a n t i a t i o n ,  
e.g., lugs  and m j o r  joints .  Sucfi a design element or & t a i l  can tz 
qua l i f i ed  by test or by a ambinat ion  of test and analysis.  

Environment - external ,  non-accidental conditions (excluding m h a n i c a l  
laadinq) ,  separately o r  in m i n a t i o n ,  t h a t  can te expected in service and 
which may a f fec t  thk s t ruc tu re  (e.g. ,  temperature, moisture, W rad ia t ion ,  
and fuel  ) .  

Deqradatior: - the a l t e ra t ion  of mater ia l  propert ies  ( e  .g. , strength., modulus, 
coeff ic ient  of expansion) which may r e s u l t  frm deviations in mnufacturing 
o r  from repeated loading and/or environmental expcsure. 

Discrepancy - a manufacturing anomaly allowed and detected by the planned 
inspection procedure. ?hey can b created by processing, fabr ica t ion  or 
assembly procedures . 

Flaw - a manufacturing anomaly created by processing, fabricat ion o r  asserrbly - 
procedures. 

D a m @  - a s t r u c t u r a l  anomaly caused by manufacturing ( p r e s s i n g ,  fabr ica t ion ,  
assembly or handling) o r  service usage, Usually caused by trimning, 
fas tener  i n s t a l l a t i o n  or foreign cbject contact.  

Impact d a m e  - a s t ruc tu ra l  anomaly created by foreign cbject  impact. 

Capon - a small test specimen (e.g., m u a l l y  a f l a t  laminate) f o r  evaluation of 
basic lamina or laminate propert ies  or  propert ies  of generic s t r u c t u r a l  
fea tures  (e.g.,  bonded o r  rechanical ly fastened jo in t s ) .  



AC 20-107A 
Appendix 2 

APPENDIX 2. DEFINITIONS 

Element - a generic element of a mre cmplex s t r u c t u r a l  mmber (e.g. sk in ,  
s t r i n g e r s ,  shear panels,  sandwich panels,  j o i n t s ,  or s p l i c e s ) .  

De ta i l  - a non-generic s t r u c t u r a l  e l a n t  of a mre -1ex s t r u c t u r a l  member 
(e.g. s p e c i f i c  design m f i g u r a t e d  jo in t s ,  splices, s t r inger s ,  s t r i n g e r  
runouts, or mjor access holes) .  

Subcarrponent - a mjor three-dimensional s t ruc tu re  hi& can provide mple te  
s t r u c t u r a l  representat ion of a section of the full structure (e.9. stub-box, 
sec t ion  of a kpar, wing panel, w i n g  rib, body _wnel, or frames). 

Ccmponent - a mjor sect ion  af the airframe s t ruc tu re  (e.g. wing, body, f i n ,  
hor izonta l  s t a b i l i z e r )  which can be tes ted  as a canplete unit qua l i fy  the  
s t ruc tu re .  


